Introduction
Gastric volvulus is a relatively rare condition, which is a rotation (torsion) of the stomach, and can have a life-threatening clinical course because of resulting ischemia of the gastric wall [1] . The typical symptoms are abdominal pain and recurrent vomiting, which are not specific to this condition. The optimal treatment strategy for patients with gastric volvulus has not been established, because the cause and the clinical course in these patients have numerous patterns. We managed six elderly patients with gastric volvulus, all of whom had different patterns of this condition, in the last three years ( Table 1) . We present two patients in detail, and propose a novel treatment strategy based on this series of patients and a review of the literature.
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Presentation of cases

Patient 1
An 84-year-old man presented to the emergency room with repeated emesis of black material. He had undergone coronary artery bypass grafting for angina pectoris 20 years ago. Computed tomography (CT) scan revealed that the distended stomach was twisted along the axis of the right gastroepiploic artery, which was connected to the coronary artery ( Fig. 1A, B ). A 3D-CT scan demonstrated mesentero-axial gastric volvulus (Fig. 1C ). Emergency endoscopy revealed twisting of the gastric body and congestion with oozing of blood from the gastric mucosa ( Fig. 2A ). Endoscopic reduction was successfully performed under X-ray guidance. The patient tolerated oral intake soon after reduction and was discharged five days later, but he returned with the same symptoms two weeks after discharge. We then performed endoscopic reduction again and in addition, performed an endoscopic gastropexy using a Funada-type gastropexy device, which we use for placement of a percutaneous endoscopic gastrostomy (Fig. 2C ). The gastropexy was placed at three points in the anterior gastric wall (Fig. 2D ). The sutures used for gastropexy remained in place for three weeks. After the endoscopic gastropexy, gastric volvulus has not recurred for 38 months.
Patient 2
An 87-year-old woman was admitted with fever due to aspiration pneumonia. She was bedridden and had severe recurrent emesis after admission. CT scan of the abdomen revealed a large esophageal hiatal hernia, and most of the stomach was in the inferior mediastinum ( Fig. 3A) . Endoscopy revealed torsion of the stomach and endoscopic reduction was successful ( Fig. 3B ), but endoscopic gastropexy was impossible because the stomach was still in the mediastinum after reduction (Fig. 3C ). The patient's activity level was poor, and laparoscopic gastropexy without hernia repair was felt to be suitable for this patient. Laparoscopic findings revealed a widened esophageal hiatus. The stomach did not adhere to the hernia sac in the mediastinum and was easily reduced into the abdomen. We performed gastropexy by intracorporeal suturing using non-absorbable sutures at nine points on the anterior gastric wall to prevent recurrence of torsion and herniation (Fig. 4 ). The postoperative course was uneventful and the patient was able to resume oral intake without vomiting. The gastric volvulus has not recurred after seven months of follow-up.
Discussion
We treated six elderly patients with gastric volvulus, which raised two important clinical issues. First, we recommend early endoscopy and decompression to identify the presence of ischemia in the gastric wall. Endoscopic decompression is effective in many patients, and reduction will be successful in some of them. Surgery is necessary in many patients to treat the underlying cause of volvulus. Second, endoscopic or laparoscopic gastropexy may be appropriate management for selected elderly patients with gastric volvulus.
Gastric volvulus is classified based on the axis of torsion, organoaxial type, mesentero-axial type, and a combined type [2, 3] . The cause of volvulus is classified as primary or secondary. Primary gastric volvulus is due to the absence or laxity of the gastrocolic and gastrosplenic ligaments. Secondary volvulus is related to a splenic or diaphragmatic disorder often seen in children [2] . A patient with gastric volvulus after coronary bypass surgery has been previously reported [4] , quite similar to patient 1 in this report. The clinical course of patients with gastric volvulus is classified as acute or chronic recurrent types [2] . All of the patients in this series have secondary, acute gastric volvulus. The exact incidence of gastric volvulus is unknown, and we speculate that many patients with the chronic type are never diagnosed.
Treatment of patients with gastric volvulus varies depending on the degree of injury to the gastric mucosa. CT scan is useful to demonstrate abnormal position and torsion of the stomach [5] , but it is difficult to determine the degree of mucosal ischemia. Therefore, we recommend early endoscopy to evaluate ischemia in the gastric wall. Furthermore, endoscopic reduction of gastric volvulus is effective in many patients as previously reported [6] , and was successful in five of the six patients in this series. The maneuver is performed by advancing the endoscope into the second portion of the duodenum by gently advancing through the narrowed and twisted gastric folds, then pulling back the endoscope while twisting to the right (similar to the right-turn-shortening technique in colonoscopy), which is known as the alpha-loop maneuver [6] . It should be performed under X-ray guidance to confirm the reduction. After successful reduction of the volvulus, symptoms usually resolve rapidly. However, if the gastric volvulus recurs frequently, surgical treatment should be considered.
Percutaneous endoscopic gastrostomy may be adequate for the management of patients who have difficulties with oral intake [7] , because it is possible to combine fixation of the stomach while facilitating enteral nutrition. In contrast, gastrostomy is usually not necessary for patients who can receive adequate oral nutrition and have good activity levels, and endoscopic gastropexy alone should be adequate as described above for patient 1. We use a Funada-style gastropexy device during the process of percutaneous endoscopic gastrostomy [8] .
A review of 135 Japanese patients with gastric volvulus showed that 86% of patients had secondary volvulus and 44% were related to an esophageal hiatal hernia [9] . Hiatal hernias are often seen in elderly patients with lordosis, and other comorbidities. Laparoscopic repair of large esophageal hiatal hernias has been reported [10, 11] . Repair of these hernias has a high recurrence rate and an increased risk of complications. In patients with a shortened esophagus, additional fundoplication such as a Collis-Nissen procedure should be considered [11] . It is reported that reinforcement using mesh reduces the incidence of hernia recurrence, although preventing mesh-related complications is an important issue [12] .
In some elderly patients, major abdominal surgical procedures may be poorly tolerated, even if performed laparoscopically. Indeed, we experienced a patient who suffered a fatal cerebral infarction which developed on postoperative day five after laparoscopic hernia repair. This is an example of why we recommend laparoscopic gastropexy [13] [14] [15] [16] without hernia repair for elderly patients in poor overall health, as described above for patient 2. It is a less-invasive procedure which sufficiently fixes the stomach, and may be adequate treatment for patients who are not adequately treated by endoscopic gastropexy.
Non-operative management in patients with chronic gastric volvulus has been reported in the literature [17] . This may be a reasonable alternative to surgical repair, because acute complications are infrequent. However, in that report, the 44 patients were not especially aged (median 71 years) and had a high recurrence rate (64%). In more aged patients such as those in our experience, the prevalence of hiatal hernia and other diaphragmatic disorders is considered to be higher, and fatal aspiration pneumonia easily occurs with recurrent vomiting because of low activity levels. Therefore, emergency endoscopy and decompression is important to prevent gastric ischemia and aspiration pneumonia, especially in elderly patients. Collectively, we propose a novel treatment strategy for gastric volvulus in the elderly based on our series of patients and a review of the literature (Fig. 5 ). Many patients need surgery to fix the underlying cause, but endoscopic or laparoscopic gastropexy alone may be adequate in some elderly patients. A larger study will be needed to determine if this can be definitive therapy, and which patients it is best for.
Conclusion
Early endoscopy is necessary in patients with gastric volvulus. Endoscopic or laparoscopic gastropexy may be a less-invasive and viable alternative to more aggressive surgical procedure in some elderly patients with significant comorbidities.
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